INTRODUCTION
High power subnanosecond semiconductor switches controlled by short optical radiation pulses began to be studied more than 40 years ago [1, 2] and are still being studied now (see, e.g., [3] [4] [5] ). In most experiments, homogeneous high resistivity crystals or films with ohmic contacts (i.e., in essence, photoresistors) con nected in series with a microstripe line are used as semiconductor elements. The extremely simple struc ture has turned out to be very attractive for many researchers who have demonstrated the unique capa bilities of such devices. However, insufficiently high dark resistance strongly limits the maximum field strength at constant bias, which requires pulsed power supplies. This disadvantage of photoresistors is not inherent to high voltage photodiodes in which, even at constant biases, field strengths close to breakdown are easily attainable. The first experiments with photo diode switches were described in [6] [7] [8] ; however, these studies were not further developed. This is probably caused by the lack of a theory of switching of high voltage photodiodes, necessary for their design. To our knowledge, a single study [9] is devoted to only the final switching stage during which almost the entire voltage locked before feeding the control pulse is already redistributed to the load. However, to our knowledge, the initial stage controlling the switch speed was not studied. The present study is devoted to this problem.
PHOTODIODE MODEL
As a model to analyze the switching process, we use a silicon p + -n-n + structure of the area S d , schemati cally shown in Fig. 1a . Two metal electrodes were applied to the structure end surfaces: a continuous electrode on the n + layer side and a ring electrode on the p + layer side. The central area S 0 of the surface p + layer is open for penetration of the control pulse of optical radiation into the structure. Let us suppose that:
(i) the n layer is uniformly doped with donors with a concentration of N d (Fig. 1b) Abstract-An analytical theory of the picosecond switching of high voltage reverse biased p + -n-n + struc tures to the conductive state by pulsed lighting has been developed and a numerical simulation of this process has been performed. Combining the theory and simulation results allowed us to obtain a simple relation between the parameters of structure, light pulse, external circuit and main characteristics of the process, i.e., the activeload current pulse amplitude and switching process duration. DOI: 10.1134/S1063782614120124 low that the depleted region with a strong electric field E can occupy the entire base at the initial reverse bias U 0 (Fig. 1c) ;
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(ii) the donor and acceptor concentrations in the thin n + and p + layers are so high that they can be considered as continuations of metal electrodes; 1 (iii) the n layer thickness d is much smaller than its transverse sizes; (iv) controlling optical radiation incident normally to the window surface and illuminating it uniformly.
The equivalent circuit of the generator, consisting of a transmission line with wave resistance ρ, one end of which is connected to the voltage source through the switch, and the other is closed by the resistance R L , shown in Fig. 2 . Before feeding the control optical pulse, the photodiode resistance is higher than R L = ρ by many orders of magnitude, so that its capacitance C d = εS d /d (ε is the semiconductor permittivity) is charged to the voltage U 0 , and the load current is close to zero. After the onset of photodiode illumination, its resistance sharply decreases; the capacitance C d begins to discharge with the result that an increasingly large part of the external bias drops in the load through which the current I L (t) increasing with time begins to flow. In essence, the switching process does consist in this. To describe it qualitatively, it can be considered that illumination results in instantaneous shunting of the photodiode capacitance via a conducting channel 1 In this case, the largest error is associated with the disregard of the longitudinal resistance of the p + layer in the photodiode window. For a round window, the potential difference between its center and edge, caused by a current with density J, as it is easy to ensure, is ρ s JS 0 /4π, where ρ s is the sheet resistance of the p + layer. Therefore, R s ≈ ρ s /4π = 0.1-0.5 Ω for typical ρ s , whereas the ordinary value of R L is higher by 2-3 orders of mag nitude. 
However, in calculating the time-current characteristic of an actual switch, it should be considered that the light pulse duration t 0 is finite, and the effective resistance R d of the illuminated photodiode area is nonlinear and variable.
To solve this problem, we use the generalized Shockley-Ramo relation [10] [11] [12] according to which the current through the load in the case at hand is given by (2) where U = (U 0 -I L R L ) is the instantaneous voltage drop at the diode, (3) j = j n + j p is the electron and hole current density in the illuminated region of the n layer. Relation (2) can be rewritten as the simple equation 2 (4) for the desired time-current characteristic I L (t) whose solution with the obvious initial condition I L (0) = 0 is written as (5) where τ d = R L C d and the dimensionless time θ = t/τ d is introduced. Formula (5) describes the switching pro cess in the general form and reduces the problem to calculation of (t). This can be determined knowing the distributions of electrons, holes, and electric field in the illuminated region of the n layer.
3. ANALYTICAL THEORY OF THE SWITCHING PROCESS Under the above assumptions, the distributions of light produced carriers in the depleted layer are described by the one dimensional continuity equa tions (6) 2 It represents a generalization of Eq. (2) from [13] .
1 q dj n dx -G, dp dt Fig. 2 . Equivalent circuit used to describe the switching process. J is the total current density in the illuminated photodiode area S 0 .
